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(54) Very high color rendition fluorescent lamps 

(57) A high color-rendering fluorescent lamp (10) 
comprising a phosphor layer (14) wherein the phos- 
phors are selected such that the general color rendering 



index, R a is greater than 96 or 97 or 98 at colortemper- 
atures of 2700 K to 6600 K, and all the special color 
rendering indices are greater than 90 at color tempera- 
tures of 2900 K to 6500 K. 
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ZlLT^ m inVemi ° n re ' ateS 9enera " y l ° " UOreSCent -P* - m«» particuiarly to high co.or rendering 

"Method of Measuring ^SSL^rLSJS Color rendition is « disclosed in 

mssion on Illuming 2nd <™ona. Com- 

reflected under the two sources arc Tmeasu reef alJsummL J Va ' Ue ' ° hr ° ma and hue of the «*t 

10 constant, and subtracted from ?o ^ ^te ca cSion fs done^M^"*? T ° f the SUm " taken ' mutti P ,ied b V a 
for each of these standards is designated R The g,™ > V i ^ C °'° r The co,or renderin 9 index 

museum S> etc. Although srdaS^ 

relatively high efficiency and low h^cf^r™^ ^ « advantages, such as providing diffuse uniform lighting, 
have color Edition is of 50 85 9 ' m ° B " n madequate for these Rations, as they typicalV 

sZiurdin h s n :« 

emissions, one red, one blue and" ^ h ° rdert ° three 
emftted from the lamp. To produce high Tcofor ^rendS Thol^rhS !f T T 9enSrateS ** 9enera,| y white 
the visible spectrum, i.e. provide emfssbn at ^ Ph ° Sph ° re are ° h0Sen in orderto ™ in " 
Nos. 3,778,660, 4,296,353, wS^S^^^S^^Z ****** U& 

indices with the blends disclosed in the '986 patent il nll^Z Z 5 ^ ' " ° rdert ° achieve suoh hi 9 h 

[0006] U.S. Patent No. 3,778.660 to Kamiya eJ al %£Z£ZZZ£? T Ph ° Sph ° r ' ayerS ' 

st irr r 9h 38 "■"«»*^ ^ blends that yie,d coior 

ssssss; hXfiEE^ 

are incandescent radiatoJiri 

Ent p?ottrBle°nd^g l^^^^h^ .T* « °" "» ™** — - • - more 

virtuaHy indistinguishable torn *n „ mUted C ° l0,S a " SpeCi£ " C °' 0rs 60 ,hat th6 * are 

vides lamps wi^^o.or tempe^esTm™ 

All special color rendition indices are orator than on * , K WhlCh achleve R * values <* 98-99. 

greater than 97. 9 " than 9 °' a " d " part,cular ' the saturate <* red color rendition index, R 9 is 

[0014] According to the present invention a mercury vapor discharge lamp is provided which comprises a glass 
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envelope^ means for providing a discharge, a discharge-sustaining fill of mercury and an inert gas sealed inside the 
envelope, and a phosphor-containing layer coated inside said glass envelope. The phosphor blend in the phosphor- 
containing layer is 40 to 80 weight percent of a first phosphor having an emission band with a maximum between 610 
nm and 640 nm and having a half-value width of 1 0 nm to 100 nm, 0 to 20 weight percent of a second phosphor having 

5 an emission band with a maximum between 620 nm and 660 nm and having a half-value width of 1 nm to 30 nm, 8 to 
50 weight percent of a third phosphor having an emission band, with a maximum between 460 nm and 515 nm and 
having a half-value- width of 50 nm to 120 nm, and 0 to 10 weight percent of a fourth phosphor having an emission 
band with a maximum between 530 nm and 560 nm and having a half-value width of 2 nm to 130 nm. 
[001 5] Embodiments of the invention will now be described, by way of example, with reference to the accompanying 

10 drawings, in which: 

FIG. 1 shows diagrammatically, and partially in section, a fluorescent lamp according to the present invention. 

[0016] As used herein, parts are parts by weight and percents are weight percents unless otherwise indicated or 
15 apparent. When a preferred range such as 5-25 is given, this means preferably at least 5 and, separately and inde- 
pendently, preferably not more than 25. Color temperatures are CCT. 

[0017] Fig. 1 shows a representative low pressure mercury vapor discharge fluorescent lamp 1 0, which is generally 
well-known in the art. The fluorescent lamp 10 has a clear light-transmissive glass tube or envelope 12 which has a 
circular cross-section. The inner surface of the glass envelope is provided with a phosphor-containing layer 14 accord- 

20 jng to the present invention. 

[001 8] The lamp is hermetically sealed by bases 20 attached at both ends, and a pair of spaced electrode structures 
1 8 (which are means for providing a discharge) are respectively mounted on the bases 20. A discharge-sustaining fill 
22 of mercury and an inert gas is sealed inside the glass tube. The inert gas is typically argon or a mixture of argon 
and other noble gases at low pressure which, in combination with a small quantity of mercury, provide the low vapor 

25 pressure manner of operation. 

[001 9] The invented high color rendering phosphor-containing layer 1 4 is preferably utilized in a low pressure mercury 
vapor discharge lamp. It may be used in fluorescent lamps having electrodes as is known in the art, as well as in 
electrodeless fluorescent lamps as are known in the art, where the means for providing a discharge is a structure which 
provides high frequency electromagnetic energy radiation. 

30 [0020] The phosphor-containing layer 14 is a single layer and contains a high color rendering blend of, for example, 
3 to 4 phosphors. The phosphor-containing layer 1 4 also preferably contains a filter that filters 1 to 60% of the radiation 
emitted between 400 nm and 450 nm. 

[0021] The specific phosphor mixtures will depend on the color temperature which is desired. At relatively low color 
temperatures, such as between 2700 K and 3200 K, the phosphor mixture will include a general broad band red- 

35 emitting phosphor, a general broad-band blue-green-emitting phosphor, and a narrow-band red emitting phosphor to 
provideadeep red "spike" to fit this region of the incandescent spectrum. As the color temperature increases to between 
3200 K and 4200 K, a narrow-band green-emitting phosphor may be added to the mixture. As the color temperature 
increases further to above 5000 K, the reference spectrum changes to a daylight spectrum and the deep red "spike" 
is no longerneeded, thus the narrowband red-emitting phosphor and possibly the green-emitting phosphor are elim- 

40 inated and replaced by a second broad-band blue-green phosphor. 

[0022] Though the specific amounts of the phosphors used will depend upon the color temperature, the phosphor 
blend in layer 14 will generally comprise 40 to 50 to 60 to 70 to 77 to 78 to,80% (the amount increasing with decreasing 
CCT) broad-band red-emitting phosphor, 0 to>1 to 2,to 4 to 6 to"8 to . 10 to 20% narrow-band red-emitting phosphor, 8 
to*10 to 15 to 20 to 23 to 28 to 30 to 40 to 50% broad-band f blue^green^emitting phosphors, and 0 to 1 to 2 to 5 to 6 to 

45 8 to 10%, narrowrband-green emitting, phosphor. The layer 14-also comprises 0. to. 0.2 to 0.5 to 1 to 2 to 3 weights % 
(based on the total weight of the:phosphors) of a pigment capable of absorbing radiation-having a wavelength between 
400 nm and 450 nm: 

[0023]- Suitable general broad-band-red-emltting phosphors include those -having an-emission band with a maximum 
between 61 0*nm and'640 nm,^more-preferably'between.620 nmand 635 nm, and: having.a half-value width of between 
so 1 o nm andv100;nm^ more preferably 20 nraand 70 nm, morepreferably : between 30 nm and 60 nm. Specifically, suitable 
general broad-band readmitting phosphors preferably, include (Gd,Ce)M'gB 5 O 10 :Mn?+, more preferably (Sr,Mg,Ca) 3 
(PO^Sn** 

[0024]* Suitable narrowband readmitting phosphors include those having an emission bandwith a maximum be- 
tween-620 nmand 660 nm, more preferablybetween 640 nm and 660 nm, and'tfaving f a half rvalue width of between 
55 1 nm and^O nm,- more preferably 5*nm and 25-nm. Specifically, suitable narrow-band;red-?emltting phosphors?include 
YjQaSiEu^, more preferably YVO^Eu 3 * more preferably 3 (MgO).(Ge02),(M gF 2 ) :Mn 2+ . 

[0025]; Suitable generaK broad-band: bluergreenremitting' phosphors include those -having, an emission band with a 
maximum between 460 nm and 515 nm, more preferably between 470 nm and 510 nm; more preferably between 470 
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mnol /o) D Should be absorbed to achieve the desired R a greater than 98 

EotSe 0 :!^ 





EXAMPLE 


Color Temperature 


Phosphors 


Spectral Amount 


Relative Wts. 


2900K 


(Sr 1 Mg l Ca) 3 (P0 4 ) 2 :Sn 2 + 
3(MgO).(Ge0 2 ).(MgF 2 );Mn 2 + 
(Ba,Ca) 5 (P0 4 ) 3 CI:Eu2+ 
50% 400-450 nm filtered 


0.766 
0.078 
0.156 


0.77 
0.06 
0.12 


3200K 


(Sr l Mg,Ca) 3 (P0 4 ) 2 :Sn2+ 

3(MgO).(Ge0 2 ).(MgF2):Mn 2+ 
Y 3 AI 5 0 12 :Ce3+ 

(Ba,Ca) 5 (P0 4 ) 3 CI:Eu2+ 
50% 400-450 nm filtered 


0.712 
0.061 
0.042 
0.185 


0.71 
0.05 
0.03 
0.15 


6500K 


(Sr,Mg,Ca) 3 (P0 4 ) 2 :Sn2+ 
c %(P04) 3 F:Sb^- 
(Ba,Ca) 5 (P0 4 ) 3 CI:Eu2+ 
15% 400-450 nm filtered 


0.503 
0.271 
0.226 


0.50 
0.27 
0.19 



R e °nlln^^r; ,iSte ^ h0S, ? h0r combinations V ielded following color rendition values for the Average Color 



Color Temp. 


Ra 


R 9 


R 10 


R 13 


Rl4 


2900K 


98 


98 


98 


99 


97 


3200K 


99 


99 


98 


99 


97 


6500K 


99 


99 


99 


98 


99 



[0032] For completeness, various aspects of the invention are set out in the following numbered 
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1. A mercury vapor discharge lamp (10) comprising a glass envelope (12), means (18) for.providing a discharge, 
a discharge-sustainingJill (22) of mercury and an inert gas sealed inside said envelope, and a phosphor-containing 
layer (14) coated inside said glass envelope, the phosphor blend in said phosphor^contalning layer (14) being 40 
to, 80 weight % of a first phosphor having an emission band with a maximum between 610 nm and 640 nm and 
having a half-value width of 1 0 nm to 1 00 nm, 0 to 20 weight % of a second phosphor having an emission band 
with a maximum between 620 nm and 660 nm and having a half-value width of 1 nm to 30 nm, 8 to 50 weight % 
of a third phosphor having an emission band with a maximum between 460 nm and 515 nm and having a half- 
value width of '50 nm to 120 nm, and 0 to 10 weight % of a fourth phosphor having an emission band with a 
maximum between 530 nm and 560 nm and having a half-value width of 2 nm to 130 nm. 

2. A lamp (10) according to clause 1 , wherein said first phosphor is selected from the group consisting of (Gd.Ce) 
MgB 5 O 10 :Mn2+ and (Sr,Mg,Ca) 3 (PCg 2 :Sn2+ 

3. A lamp (1 0) according to clause 2, wherein said first phosphor is present in an amount of 50 to 78 weight % and 
is (Sr,Mg,Ca) 3 (P0 4 ) 2 :Sn 2 + 

4. A lamp (1 0) according to clause 1 , wherein said second phosphor is selected from the group consisting of Y 2 0 3 S: 
Eu3 + , YV0 4 :Eu3+ and 3(MgO).(Ge0 2 ).(MgF 2 ):Mn 2 + 

5. A lamp (10) according to clause 4, wherein said second phosphor is present in an amount of 1 to 6 weight % 
and is 3(MgO).(Ge0 2 ).(MgF 2 ):Mn2+ 

6. A lamp (10) according to clause 1, wherein said third phosphor is selected from the group consisting of Ca 5 
(PO^RSb^ and (Ba,Ca) 5 (P0 4 ) 3 CI:Eu2+ 

7. A lamp (10) according to clause 6, wherein said third phosphor is present in an amount of 15 to 23 weight % 
and is (Ba,Ca) 5 (P0 4 ) 3 Cl:Eu 2 + 

8. A lamp (1 0) according to clause 1 , wherein said fourth phosphor is selected from the group consisting of Zn 2 Si0 4 : 
Mn2+ LaP0 4 :Ce3+Jb^, (Gd,Ce)MgB 5 O 10 :Tb*+, and Y 3 A! 5 0 12 :Ce^. 

9. A lamp (1 0) according to clause 8, wherein said fourth phosphor is present in an amount of 1 to 5 weight % and 
isY 3 AI 5 0 12 :Ce^. 

1 0. A lamp (1 0) according to clause 1 , said lamp further comprising means effective to filter 1 to 60% of the radiation 
generated in the 400-450 nm range. 

11. A lamp (10) according to clause 1 0, wherein said means to filter is 0.2 to 3 weight percent (based on the total 
weight of the phosphors) pigment incorporated in said phosphor-containing layer (14), said pigment being capable 
of absorbing radiation having a wavelength between 400 nm and 450 nm. 

12: A lamp, (10) according to. clause 10; wherein said means to filter is a cover over the lamp (10), said cover 
utilizing pigment as a filter, said pigment beingcapable of -absorbing radiation having a wavelength between 400 
nm and 450;nm. 

13. AHamp' (10) according to clause-10, wherein said.means to, filter utilizes pigment selected from the group 
consistingtoFnickel titanateand praesodihium zirconate; 

14, A*lamp (10) according to .clause 1 , wherein said first phosphorus present in an amount of 50 to:B0' weight % 
andMSfCShMg l Ca) 3 (P0 4 ) 2 ;Sn2 + 1 said second phosphor is present in an amount of 2 to 8 weight % and is 3(MgO). 
(Ge©^).(MgF 2 ):Mh2+, and said third phosphorus presentin an amount of 8 to 23kWeight% and is (Ba,Ga) 5 (P0 4 ) 3 CI: 
Eu?+: 

157 A*larnp41 0) aecordingto clause 1 , said lamp (1 G^having^an R a value greaterthan 96and a color temperature 
between 2700 K and'6600 K< 

16; A-lampi(10) according toxlausetT, said-lamp (10) having an Revalue greatertKan 97, and^a color temperature 
between,2700^K andi6600 K^. 
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LUT 2 ^KSr USe 1 ' ^ (10) haVi " 9 " R * — 97 a »< ■ "lor temperature 



Claims 



layer (14) coated inside 2d I Z eZooe thlnh?^ S6a 6d j nside S£>id enVe '°P e ' and a Phosphor^onta'i^g 
to 80 weight % of aflrt o^oS h P ' thephos P hor b,end ln s ^ phosphor-containing layer (14) being 40 
having X^&'SfiXX" 2T^ZT 0 t ^7 «» In'Jai nm^o 

with a maximum between 620 nm and 660 nm «2 ST 9 k V ? ^ ph ° Sph ° r havin 9 an emission °*nd 
of a third phosphor having an ZS^^^Z^T "E ° f 1 ^ t0 3 ° ^ 8 to 50 ^ % 
value width of 50 nm to 120 nm and 0 to io , . ^ 460 nm and 515 nm and havin 9 a half- 

maximum between 530 nnfaVd^ — " — * a 

2 ' MgKlff^^ « P^*- ^ -acted from the group consisting of (Sd.Ce) 

6 - ^^^^2^ ' amP fUrth6r °° mpriSin9 ^ * »» 1 * «% * the radiation 

absorbing radiation^aving a ZS£ ■SSS!'*" ^ ^ bei " 9 ^ ° f 

"co'nSra 

9 ' ^oSSTjtf 25? 1 ' "7? flrSt Ph0Sf>h0r fe PreSSm an ™ - 5 ° to 80 weight % and is 
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